We constructed a recombinant plasmid which expresses antiwhich the growth signal is transduced via c-Src to c-Myb sense src RNA after dexamethasone (Dexa) treatment, and expression are still unclear. Raf-1 and MAP kinase.
Introduction that Shc is directly tyrosine-phosphorylated by c-Src immunoprecipitated from U937 cell lysates. These findings indicate The c-src gene product (c-Src) encoded by the cellular homothat c-Src plays a crucial role in the intracellular growth signal logue of v-src is a member of the non-receptor protein tyrosine transduction pathway to MAP kinase via Ras activation in kinase (PTK) family. Since c-Src is abundantly expressed in U937 human monoblastic leukemia cells. relatively mature and poorly or no longer proliferative cells as platelets, 1 macrophages and neural tissues including brain, 2 it has been speculated that c-Src is more concerned with cell Materials and methods maturation or differentiation rather than proliferation. However, the precise physiological function of c-Src is still Cells poorly understood.
To elucidate the roles of c-Src in human leukemia cell pro-U937 cells derived from a patient with histiocytic lymphoma liferation, we constructed a recombinant plasmid which in the leukemic state were obtained from the Japanese Cancer expresses antisense src RNA in human cells, and transfected
Research Resources Bank (JCRB, Tokyo, Japan). The cells were it into U937 human monoblastic leukemia cells (U937-maintained in RPMI 1640 medium supplemented with 10% ASRC).
3,4 Using this antisense RNA regulatory system, we heat-inactivated fetal calf serum (FCS) at 37°C in a 5% CO 2 revealed that the decline in c-Src reduced the amount of chumidified atmosphere. myb gene product (c-Myb), and subsequently suppressed the proliferation of U937-ASRC cells. 3 These findings indicate that c-Src is involved in the intracellular growth signal transducConstruction of the antisense v-src′ expression vector tion pathway. However, the details of the mechanism by These methods were performed as described previously.
3,16
The PvuII fragment (800 bp) of the v-src gene (v-src′) was excised from the pBR322-derived plasmid which contained dexamethasone (Dexa), contained the mouse mammary tumor Proliferation of plasmid-transfected U937 cells virus long terminal repeat (MMTV LTR) promoter and a marker gene E. coli gpt (Escherichia coli xanthine-guanine phosStable transformants were cultivated at an initial concentration phoribosyl transferase). A v-src fragment was inserted into of 2 × 10 5 cells/ml. At the start of cultivation, 2 M Dexa was pMSG under MMTV LTR in the antisense direction and added to the cell cultures in order to induce antisense v-src′ yielded antisense v-src′-pMSG (Figure 1) . RNA expression. Cell growth was monitored daily until the 4th day after addition of Dexa. Under the conditions used in this study, cell viability was more than 95%, confirmed by DNA transfection and selection of stable transformants counting the number of viable cells identified by the exclusion of trypan blue dye. U937 cells were transfected with antisense v-src′-pMSG or non-recombinant pMSG vector (U937-ASRC, U937-pMSG, respectively) by the method as described previously.
3, 16 The c-Src expression and its in vitro PTK assay transformants were selected in standard medium supplemented with 25 g/ml mycophenolic acid (Sigma, St Louis, MO, USA), HAT (100 M hypoxanthine, 0.4 M aminopterin, Plasmid-transfected U937 cells were cultivated in FCS-free 16 M thymidine) (Sigma), 250 g/ml xanthine and 4 mM medium for 2 days, treated with or without 2 M Dexa at 37°C Hepes (pH 7.0). Three different clones in each group of transfor 3-4 h to induce antisense src RNA expression, and then fectants were harvested and analyzed for proliferation and lysed in lysis buffer (1% NP-40, 150 mM NaCl 50 mM Trisexpression of c-Src before and after Dexa treatment. Similar HCl (pH 7.6), 1 mM EDTA, 100 mM sodium fluoride, 10 mM results were obtained in each group (data not shown). Theresodium pyrophosphate, 1 mM sodium orthovanadate, 1 mM fore, one clone was picked up from every three clones and phenylmethylsulfonyl fluoride; PMSF, 1% aprotinin, 10 g/ml cloned twice by limiting dilution in order to be confirmed as leupeptin phenol blue) were boiled for 2 min and analyzed by SDSto a nylon membrane. Hybridization using pMSG as a probe PAGE. After separation, proteins were transferred to a PDVF was performed as described previously. 16 membrane (Micron Separations, Westboro, MA, USA). The membrane was treated with blocking buffer (10 mM Tris-HCl (pH 8.2), 1 M NaCl, 0.5% Tween 20) containing 5% skim milk for blocking, then incubated with anti-c-Src monoclonal antibody and subsequently immunoreacted with peroxidase-conjugated secondary antibody. After washing in blocking buffer, the blots were then developed using the enhanced chemiluminescence (ECL) Western blotting system (Amersham, Bucks, UK). For in vitro c-Src PTK assay, the immunoprecipitates were enzymatically reacted by adding 5 g acid-denatured enolase (Sigma) as an exogenous substrate and 20 l ATP (final 10 M) at room temperature for 10 min. This reaction was stopped by adding sample buffer and boiling for 2 min. Samples were immunoblotted by probing with anti-phosphotyrosine (P-Tyr) monoclonal antibody (Sigma) as described above in order to detect tyrosine phosphorylation of enolase.
Analysis of tyrosine phosphorylation of Shc and its association with Grb2 and Sos
The quiescent cells were incubated in the presence of 10% FCS at 37°C for 1 min. Cell lysates were immunoprecipitated with anti-Shc antibody (Seikagaku Corp., Tokyo, Japan) and immunoblotted by probing with anti-P-Tyr monoclonal antibody as described above. The membrane was reprobed with nology, Santa Cruz, CA, USA) as described above. 
Statistical analysis
Statistical analysis was performed by Student's t-test.
Results
Reductions in c-Src expression and its PTK activity by antisense src RNA expression
We examined the effects of antisense src RNA expression on the amounts of c-Src and its PTK activity in U937-ASRC cells. The amount of c-Src was diminished in U937-ASRC cells after antisense src RNA expression induced by Dexa treatment for 4 h (Figure 2a) . In U937-pMSG cells, Dexa treatment did not affect the level of c-Src expression (Figure 2a) . We also exam- Association between Shc and Grb2 in plasmidtransfected U937 cells Association between Grb2 and Sos in plasmidtransfected U937 cells
We investigated whether c-Src was implicated in the association between tyrosine-phosphorylated Shc and Grb2. Lysates To determine the level of Sos associated with Grb2, lysates prepared from plasmid-transfected U937 cells with or without prepared from plasmid-transfected U937 cells with or without Dexa treatment were immunoprecipitated with anti-Shc antibody and immunoblotted with anti-Grb2 or anti-Shc antibody.
Figure 6
The amount of Grb2 co-immunoprecipitated with Shc from lysates of plasmid-transfected U937 cells treated or untreated Figure 4 Tyrosine phosphorylation of Shc in plasmid-transfected U937 cells treated or untreated with Dexa. Shc in lysates of cells with Dexa. Shc in lysates of cells incubated in the presence of 10% FCS at 37°C for 10 min was immunoprecipitated with anti-Shc antiincubated in the presence of 10% FCS at 37°C for 1 min was immunoprecipitated with anti-Shc antibody. The amounts of Shc (b) and its body. The amounts of Shc (b) and Grb2 co-immunoprecipitated with it (a) were analyzed by Western blotting with anti-Shc and anti-Grb2 tyrosine phosphorylation (a) were analyzed by Western blotting with anti-Shc and anti-P-Tyr monoclonal antibodies, respectively.
antibodies, respectively.
501
Dexa treatment were immunoprecipitated with anti-Grb2 antibody and immunoblotted with anti-Sos or anti-Grb2 antibody. The amounts of Sos co-immunoprecipitated with Grb2 were apparently the same regardless of treatment or no treatment with Dexa (Figure 7a ). There were no differences among the amounts of Grb2 immunoprecipitated from all cell lysates (Figure 7b ). These findings indicate that the association between Grb2 and Sos is not affected by the decreases in cSrc expression, its PTK activity and tyrosine phosphorylation of Shc, and that Grb2 and Sos constitutively associate with each other in U937 cells.
Association between Shc and Sos in plasmidtransfected U937 cells
To confirm the association between Shc and Grb2-Sos com- Effect of antisense src RNA expression on MAP kinase activation Discussion We examined the level of tyrosine phosphorylation essential for MAP kinase activation in plasmid-transfected U937 cells
We confirmed that induction of antisense src RNA expression in U937-ASRC cells decreased the amounts of c-Src expression and its PTK activity (Figure 2a and b) and then subactivity of Sos was detected before or after activation of growth factor receptors, the translocation of Sos from the cytosequently inhibited the proliferation of U937-ASRC cells (Figure 3 ). These findings indicated that the declines in c-Src plasm to the plasma membrane has been proposed as the major rate-limiting step in Ras activation. 23 Therefore, Sos expression and its PTK activity after Dexa treatment affected the proliferation of U937-ASRC cells.
translocated to the plasma membrane close to RAS promotes the conversion of Ras from the inactive GDP-bound form to In v-src-transformed Rat-2 fibroblasts, Shc was heavily phosphorylated on tyrosine residues. 7 It was reported that Shc the active GTP-bound form. The growth signal from c-Src is then transduced to the MAP kinase cascade through the actiwas bound directly to the SH3 domain of c-Src. 17 However, it remains to be determined whether c-Src can facilitate the vated Ras. activation of Shc in response to growth factor receptor stimulation. In the present study using the U937 human monoblas
